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ABSTRACT 

The development and results of the Idaho National Engineering and Environmental Laboratory 
(INEEL) Waste Area Group (WAG) 5 comprehensive remedial investigation/feasibility study are 
presented in this report. The Auxiliary Reactor Area (ARA) and the Power Burst Facility (PBF), which 
are subdivided into 13 operable units and 55 individual potential sources of contamination, compose 
WAG 5. 

The report includes both a human health risk assessment and an ecological risk assessment to 
evaluate potential impacts to flora and fauna. Descriptions of the regulatory background, site 
evaluations, nature and extent of contamination, groundwater evaluations, and risk assessment 
methodology are presented to support the risk characterization for both human and ecological receptors. 

Based on the future residential scenario and ecological risks, seven sites were forwarded to the 
feasibility study for evaluation of remedial alternatives: three evaporation ponds (ARA-01, AR&12, and 
PBF-16). a sanitary septic system (ARA-02) an underground storage tank for radionuclides (ARA-16), a 
large contaminated surface soil area (ARA-23), and contaminated soil area beneath the ARA-I hot cells 
(AM-25). Contaminants of potential concern for human health include the radioisotopes cesium-137, 
radium-226, and silver-108m, the polychlorinated biphenyl Aroclor-1242, and arsenic. Contaminants of 
concern for ecological receptors are copper, mercury, lead, selenium, and thallium metals. External 
exposure to radiation was the only exposure pathway for current and fuhlre occupational scenarios with 
risks in excess of lE-04. 

The feasibility study identified candidate remedial actions to address the risks at the seven 
WAG 5 sites. In addition to evaluating soil remediation, the feasibility study also considered options to 
remediate the sludge in the ARA-02 seepage pit and the contents of the ARA-16 tank. Candidate 
technologies and process options were surveyed to develop combinations of actions for WAG 5 remedial 
alternatives. The remedial alternatives were evaluated against seven of the nine criteria developed by the 
U.S. Environmental Protection Agency, with the evaluation of the last two criteria, state and public 
acceptance, deferred until the proposed plan is available to the public. 

In addition to the no action alternative, which was evaluated to provide a baseline for comparison, 
five combinations of options for soil, four combinations of options for the ARA-16 tank site waste, and 
one for the ARA-02 seepage pit sludge, were retained for the detailed analysis of alternatives. The five 
options for contaminated soil are (1) excavation, consolidation, and containment within WAG 5 with an 
engineered barrier; (2) removal and disposal within the INEEL; (3) removal and disposal off-Site; 
(4) removal, ex situ sorting, and disposal within the INEEL; and (5) removal, ex situ sorting, and disposal 
off-Site. The two alternatives retained for the contents of ARA-02 serpage pit are (1) removal, ex situ 
thermal treatment, and disposal; and (2) in situ stabilization and encapsulation. The four alternatives 
retained for the ARA-16 tank site are (1) in situ vitrification (ISV) at the tank site, (2) removal and ISV 
of the intact tank at Test Area North, and (3) removal of the contents of the tank for ISV at Test Area 
North, and (4) removal, ex situ thermal treatment, and disposal. Based on the retained alternatives, a set 
of preferred alternatives will be developed in the WAG 5 comprehensive proposed plan. 

111 



iv 



CONTENTS 

ABSTRACT.. ..................................................................................................................................... 

ACRONYMS AND ABBREVIATIONS .......................................................................................... 

1. INTRODUCTION ................................................................................................................... 

1.1 Purpose.. ........................................................................................................................ 

1.2 scope.. ........................................................................................................................... 

1.3 Regulatory Background.. ............................................................................................... 

1.4 Report Organization.. .................................................................................................... 

1 S References ..................................................................................................................... 

2. SITE BACKGROUND AND PHYSICAL DESCRIPTION.. ................................................. 

2.1 Location and Description.. ............................................................................................ 

2.2 Physical Characteristics ................................................................................................ 

2.2.1 Physiography .................................................................................................... 
2.2.2 Meteorology and Climatology ......................................................................... 
2.2.3 Geology.. .......................................................................................................... 
2.2.4 Hydrology ........................................................................................................ 

2.3 Cultural Resources ........................................................................................................ 

2.3.1 INEEL Cultural Resources.. ............................................................................. 
2.3.2 WAG 5 Cultural Resources.. ............................................................................ 

2.4 Flora and Fauna.. ........................................................................................................... 

2.5 Demography and Land Use.. ......................................................................................... 

2.5.1 Demography.. ................................................................................................... 
2.5.2 LandUse .......................................................................................................... 

2.6 References.. ................................................................................................................... 

3. WASTE AREA GROUP 5 COMPREHENSIVE REMEDIAL INVESTIGATION.. ............. 

111 

xxm 

l-l 

l-l 

1-3 

1-3 

l-4 

1-6 

2-1 

2-l 

2-9 

2-9 
2-9 

2-11 
2-16 

2-19 

2-20 
2-23 

2-23 

2-24 

2-24 
2-25 

2-26 

3-l 

3.1 Site Summaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-l 



3.1.1 ARA-01: ARA-I Chemical Evaporation Pond (ARA-745) ............................. 
3.1.2 ARA-02: ARA-I Sanitary Waste Leach Field and Seepage Pit 

(ARA-746) ....................................................................................................... 
3.1.3 ARA-03: ARA-I Lead Sheeting Pad Near ARA-627.. .................................... 
3.1.4 ARA-04: ARA-I Sewage Treatment Facility (ARA-737). .............................. 
3.1.5 ARA-05: ARA-I Evaporation Pond to NB (ARA-744) .................................. 
3.1.6 ARA-06: ARAB SL- 1 Burial Ground.. .......................................................... 
3.1.7 ARA-07: ARAB Seepage Pit to East (ARA-720A). ...................................... 
3.1.8 ARA-08: ARAB Seepage Pit to West (ARA-720B) ...................................... 
3.1.9 ARA-09: ARAB Septic Tank (ARA-738) ..................................................... 
3.1.10 ARA-10: ARAB Septic Tank East (ARA-613) ............................................. 
3.1.11 ARA-1 1: ARAB Septic Tank West (ARA-606). ........................................... 
3.1.12 ARA-12: ARA-III Radioactive Waste Leach Pond ........................................ 
3.1.13 ARA-13: ARA-III Sanitary Sewer Leach Field and Septic Tank 

(ARA-740) ....................................................................................................... 
3.1.14 ARA-14: ARA-III Septic Tank and Drain Field (ARA-739) .......................... 
3.1.15 ARA-15: ARA-III Radionuclide Tank (ARA-735). ........................................ 
3.1.16 ARA-16: ARA-I Radionuclide Tank (ARA-729). ........................................... 
3.1.17 ARA-17: ARA-I Drain (ARA-626). ................................................................ 
3.1.18 ARA-18: ARA-III Radionuclide Tank (ARA-736). ........................................ 
3.1.19 ARA-19: ARAB Detention Tank for Fuel OURadionuclides 

(ARA-719) ....................................................................................................... 
3.1.20 ARA-20: ARA-IV Test Area Contaminated Leach Pit No. 1 ......................... 
3.1.21 ARA-21: ARA-IV Test Area Septic Tank and Leach Pit No. 2.. ................... 
3.1.22 ARA-22: AIM-IV Control Area Septic Tank and Leach Pit No. 3 

(ARA-617) ....................................................................................................... 
3.1.23 ARA-23: Radiologically Contaminated Surface Soils Around ARA-I 

and ARA-II.. ..................................................................................................... 
3.1.24 ARA-24: ARA-III Windblown Soil ................................................................ 
3.1.25 ARA-25: ARA-I Soils Beneath the ARA-626 Hot Cells.. .............................. 
3.1.26 PBF-01: PBF Control Area Septic Tank.(PBF-724). Seepage Pit 

(PBF-735). ........................................................................................................ 
3.1.27 PBF-02: PBF Control Area Septic Tanks (PBF-738 and -739) Seepage 

Pit (PBF-736) ................................................................................................... 
3.1.28 PBF-03: PBF Control Area Septic Tank for PBF-632 and Seepage 

Pits (PBF-745 and -748). .................................................................................. 
3.1.29 PBF-04: PBF Control Area Oil Tank at PBF-608 (Substation) Outside 

PBF Fence ........................................................................................................ 
3.1.30 PBF-05: PBF Reactor Area Warm Waste Injection Well (PBF-301). ............ 
3.1.31 PBF-06: PBF Reactor Area Blowdown Pit for Reactor Boiler by 

PBP621 ........................................................................................................... 
3.1.32 PBF-07: PBF Reactor Area Oil Drum Storage (PER-T13). ............................ 
3.1.33 PBF-08: PBF Reactor Area Corrosive Waste Disposal Sump Brine Tank 

(PBF-73 1). ........................................................................................................ 
3.1.34 PBF-09: PBF Reactor Area Septic Tank and Drain Field (PBF-728) ............ 
3.1.35 PBF-IO: PBF Reactor Area Evaporation Pond (PBF-733). ............................ 
3.1.36 PBF-11: PBF SPERT-I Seepage Pit (PBF-750). ............................................. 
3.1.37 PBF-12: PBF SPERT-I Leach Pond ................................................................ 
3.1.38 PBF-13: PBF Reactor Area Rubble Pit.. ......................................................... 
3.1.39 PBF-14: PBF SPERT-BInactive Fuel Oil Tank (Front of PBF-612) ............. 

vi 

3-1 

3-3 
3-4 
3-5 
3-5 
3-6 
3-6 
3-7 
3-7 
3-8 
3-8 
3-9 

3-10 
3-10 
3-10 
3-l 1 
3-12 
3-12 

3-13 
3-13 
3-13 

3-14 

3-14 
3-15 
3-16 

3-17 

3-17 

3-17 

3-17 
3-18 

3-18 
3-19 

3-19 
3-19 
3-19 
3-20 
3-20 
3-2 1 
3-2 1 



3.1.40 PBF-15: PBF Reactor Area Corrosive Waste Injection Well (PBF-302) ....... 
3.1.41 PBF-16: PBF SPERT-B Leach Pond .............................................................. 
3.1.42 PBF-17: PBF SPERT-II Septic Tank and Seepage Pit (PBF-725) ................. 
3.1.43 PBF-19: PBF SPERT-BI Inactive Fuel Oil Tank (West Side of the 

WERE) ............................................................................................................. 
3.1.44 PBF-20: PBF SPERT-III Small Leach Pond ................................................... 
3.1.45 PBF-2 1: PBF SPERT-III Large Leach Pond.. ................................................. 
3.1.46 PBF-22: PBF SPERT-IV Leach Pond (PBF-758). .......................................... 
3.1.47 PBF-24: PBF SPERT-IV Blowdown Pit (Adjacent to PBF-716). .................. 
3.1.48 PBF-25: PBF SPERT-IV Septic Tank and Leach Pit (PBF-727, -757) .......... 
3.1.49 PBF-26: PBF SPERT-IV Lake ........................................................................ 
3.1.50 PBF-27: PBF SPERT-III Septic Tank (PBF-726) and Seepage Pit.. .............. 
3.1.51 PBF-28: PBF Reactor Area Cooling Tower Area and Drainage Ditch .......... 
3.1.52 PBF-29: PBF Reactor Area Abandoned Fuel Oil Tank.. ................................ 
3.1.53 PBF-30: PBF Reactor Area Abandoned Septic System.. ................................ 
3.154 PBF-31: SPERT-II Fuel Oil Tank (PBF-732) ................................................. 
3.1.55 PBF-32: PBF Control Area Fuel Oil Tank (PBF-742). ................................... 

3-2 1 
3-21 
3-22 

3-22 
3-22 
3-22 
3-23 
3-23 
3-24 
3-24 
3-24 
3-25 
3-25 
3-25 
3-25 
3-26 

4. 

3.2 Quality Assurance/Quality Control Sampling .............................................................. 3-27 

3.2.1 Precision and Accuracy .................................................................................... 3-27 
3.2.2 Completeness ................................................................................................... 3-3 1 
3.2.3 Detection Limits.. ............................................................................................. 3-35 
3.2.4 Comparability and Representativeness ............................................................ 3-36 
3.2.5 Quality Assurance/Quality Control Summary ................................................. 3-38 

3.3 Facilities Assessment Analysis.. ................................................................................... 3-39 

3.3.1 Auxiliary Reactor Area.. .................................................................................. 3-39 
3.3.2 Power Burst Facility.. ....................................................................................... 3-39 

3.4 Site and Contaminant Screening.. ................................................................................. 3-40 

3.4.1 Source Identification ........................................................................................ 3-46 
3.4.2 Previous Risk Evaluations ............................................................................... 3-46 
3.4.3 Contaminant Screening.. .................................................................................. 3-46 
3.4.4 Other Site-Specific Factors .............................................................................. 3-47 
3.4.5 Summary of Site Screening.. ............................................................................ 3-48 

3 5 References ..................................................................................................................... 3-53 

NATURE AND EXTENT OF CONTAMINATION, ............................................................. 4-l 

4.1 Site Groupings ............................................................................................................... 4-l 

4.2 Summaries of Sites Retained for the Baseline Risk Assessment.. ................................ 4-2 

4.2.1 Group I-Auxiliary Reactor Area I and II ...................................................... 4-11 
4.2.2 Group 2-Auxiliary Reactor Area-III.. ............................................................ 4-3 1 
4.2.3 Group 3-Power Burst Facility Reactor Area.. ............................................... 4-33 

vii 



4.2.4 Group 4-Power Burst Facility Waste Engineering Development Facility .... 
4.25 Group 5--Power Burst Facility Waste Experimental Reduction Facility ....... 
4.2.6 Group 6--Power Burst Facility Mixed Waste Storage Facility ...................... 

4.3 Groundwater Nature and Extent of Contamination ...................................................... 

4.3.1 Beryllium in Groundwater ............................................................................... 
4.3.2 Iron in Groundwater.. ....................................................................................... 
4.3.3 Arsenic in Groundwater.. ................................................................................. 
4.3.4 Lead in Groundwater.. ...................................................................................... 

4.4 References .............................................................................................................................. 

5. FATE AND TRANSPORT ..................................................................................................... 

5.1 Modeling Overview.. ..................................................................................................... 

5.2 Description of the GWSCRBEN Model ....................................................................... 

5.3 Model Input Parameters ............................................................................................... 

5.3.1 Contaminant Sources ....................................................................................... 
5.3.2 Unsaturated Zone Thickness.. .......................................................................... 
5.3.3 Common Input Parameters ............................................................................... 
5.3.4 Contaminant-Specific Parameters.. .................................................................. 

5.4 Results of GWSCREEN Simulations.. .......................................................................... 

5.5 References .._. ._...__,._........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

6. BASELINE RISK ASSESSMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-l 

6.1 Baseline Risk Assessment Tasks .............................................................................. 

6.1.1 Data Evaluation.. .............................................................................................. 
6.1.2 Exposure Assessment.. ..................................................................................... 
6.1.3 Conduct Toxicity Assessment.. ........................................................................ 
6.1.4 Risk Characterization.. ..................................................................................... 

6.2 Exposure Assessment.. .......................................................................................... 6-6 

6.2.1 Identification and Characterization of Exposed Populations.. ......................... 
6.2.2 Evaluation of Exposure Pathways.. .................................................................. 
6.2.3 Estimates of Contaminants of Potential Concern Concentrations at Points of 

Exposure.. ......................................................................................................... 
6.2.4 Estimation of Contaminant Intakes.. ................................................................ 

6-6 
6-7 

6-8 
6-19 

6.3 Toxicity Assessment ..................................................................................................... 6-20 

4-43 
4-47 
4-47 

4-55 

4-66 
4-66 
4-67 
4-67 

4-74 

5-l 

5-l 

5-2 

5-5 

5-5 
5-6 
5-6 
5-8 

5-9 

5-11 

6-1 

6-2 
6-2 
6-3 
6-3 

vm 



6.3.1 Toxicity Assessment for Carcinogenic Effects.. .............................................. 
6.3.2 Toxicity Assessment for Noncarcinogenic Effects.. ........................................ 
6.3.3 Toxicity Profiles.. ............................................................................................. 

6.4 Human Health Risk Characterization.. .......................................................................... 

6.4.1 Generalized Approach.. .................................................................................... 
6.4.2 Estimates of Human Health Risk.. ................................................................... 

6.5 Uncertainty Analysis ..................................................................................................... 

6.5.1 Data Collection and Evaluation Uncertainties.. ............................................... 
6.5.2 Exposure Assessment.. ..................................................................................... 
6.5.3 Toxicity Assessment ........................................................................................ 
6.5.4 Risk Characterization.. ..................................................................................... 
6.5.5 Uncertainties in the Facilities Assessment Analysis.. ...................................... 

7. 

6.6 References ..................................................................................................................... 

ECOLOGICAL RISK ASSESSMENT ................................................................................... 

7.1 Objectives.. .................................................................................................................... 

7.1.1 Statutory and Regulatory Basis.. ...................................................................... 

7.2 Problem Formulation .................................................................................................... 

7.2.1 Overview of WAG 5 ........................................................................................ 
7.2.2 Sites of Concern ............................................................................................... 
7.2.3 Ecosystem Characterization ............................................................................. 
7.2.4 Abiotic Components ........................................................................................ 
7.2.5 Biotic Components ........................................................................................... 
7.2.6 Stressor Identification and Characterization.. .................................................. 
7.2.7 Pathways of Contaminant Migration and Exposure ........................................ 
7.2.8 Conceptual Site Model ..................................................................................... 
7.2.9 Development of Assessment Endpoints.. ......................................................... 
7.2.8 Measurement Endpoint Selection .................................................................... 

7.3 Analysis ......................................................................................................................... 

7.3.1 Discussion of Contaminant Fate and Transport Properties ............................. 
7.3.2 Determining Exposure ..................................................................................... 
7.3.3 Ecological Effects Assessment ........................................................................ 
7.3.4 Development of Toxicity Reference Values for Inorganic Contaminants 

of Potential Concern ........................................................................................ 
7.3.5 Development of TRVs for Organic Contaminants of Potential Concern.. ...... 
7.3.6 Identifying Uncertainty Associated with Toxicity Reference Values ............. 

7.4 Risk Characterization.. .................................................................................................. 

ix 

6-20 
6-23 
6-24 

6-38 

6-39 
640 

6-47 

6-47 
6-54 
6-57 
6-57 
6-57 

6-62 

7-1 

7-l 

7-3 

7-5 

7-5 
7-5 

7-10 
7-10 
7-13 
7-25 
7-37 
7-40 
7-40 
7-43 

7-44 

7-44 
7-46 
7-54 

7-59 
7-72 
7-75 

7-76 



8. 

9. 

7.4.1 Risk Estimation.. .............................................................................................. 
7.4.2 Uncertainty Association with Hazard Quotients.. ............................................ 
7.4.3 Risk Evaluation.. .............................................................................................. 
7.4.4 Discussion of Uncertainty.. .............................................................................. 
7.4.5 Waste Area Group 5 Ecological Risk Assessment Summary .......................... 

7.5 Transition to the INEEL-wide Ecological Risk Assessment ........................................ 

7.6 References ..................................................................................................................... 

REMEDIAL lNVESTIGATION/BASELINB RISK ASSESSMENT SUMMARY AND 
CONCLUSIONS ..................................................................................................................... 

8.1 Summary of Individual Site Evaluations ...................................................................... 

8.1.1 ARA-01 Chemical Evaporation Pond.. ............................................................ 
8.1.2 ARA-02 Sanitary Waste Leach Field and Seepage Pit.. .................................. 
8.1.3 ARA-03, ARA-I Lead Sheeting Pad near ARA-627.. ...................................... 
8.1.4 ARA-12, ARA-IB Radioactive Waste Leach Pond ......................................... 
8.1.5 ARA-16, ARA-I Radionuclide Tank.. .............................................................. 
81.6 ARA-23, ARAB Radiologically Contaminated Surface Soils Around 

ARA-I and ARAB ........................................................................................... 
8.1.7 ARA-25, ARA-I Soils Beneath the ARA-626 Hot Cells.. ............................... 
8.1.8 PBF-10, PBF Reactor Area Evaporation Pond ................................................ 
8.1.9 PBF-12, SPERT-I Leach Pond ......................................................................... 
8.1.10 PBF-16 SPERT-II Leach Pond.. ....................................................................... 
8.1.11 PBF-2 1 SPERT-III Large Leach Pond ............................................................. 
8.1.12 PBF-22 SPERT-IV Leach Pond ....................................................................... 
8.1.13 PBF-26 SPERT-N Lake.. ................................................................................ 

8.2 Summary of Site Groups Risks.. ................................................................................... 

8.3 Groundwater Evaluation ............................................................................................... 

8.4 Human Health Risk Evaluation Summary .................................................................... 

8.5 Ecological Risk Evaluation Summary.. ......................................................................... 

8.6 Conclusions ................................................................................................................... 

8.7 References ..................................................................................................................... 

DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES AND RESPONSE 
ACTIONS ................................................................................................................................ 

9.1 Introduction ................................................................................................................... 

9.2 Assumptions .................................................................................................................. 

9.3 Remedial Action Objectives ......................................................................................... 

X 

7-76 
7-80 
7-81 
7-96 
7-98 

7-99 

7-102 

8-l 

8-l 

8-5 
8-6 
8-7 
8-8 
8-9 

8-9 
S-10 
8-11 
8-12 
B-12 
8-13 
8-13 
8-14 

8-14 

8-15 

8-19 

S-20 

8-23 

8-35 

9-l 

9-l 

9-4 

9-5 



9.3.1 Contaminants and Sites of Concern.. ............................................................... 9-6 
9.3.2 Media of Concern.. ........................................................................................... 9-6 
9.3.3 Exposure Scenarios and Pathways of Concern ................................................ 9-6 
9.3.4 Preliminary Remediation Goals ....................................................................... 9-12 

9.4 General Response Actions ............................................................................................ 9-12 

9.4.1 No Action. ........................................................................................................ 9-14 
9.4.2 Institutional Controls ....................................................................................... 9-14 
9.4.3 Consolidation, Containment, and Institutional Controls.. ................................ 9-14 
9.4.4 In Situ Treatment ............................................................................................. 9-14 
9.4.5 Removal ........................................................................................................... 9-15 
9.4.6 Ex Situ Treatment ............................................................................................ 9-15 
9.4.7 Disposal.. .......................................................................................................... 9-15 

9.5 Identification and Screening of Technologies .............................................................. 9-15 

9.5.1 
9.5.2 
9.5.3 
9.5.4 
9.5.5 
9.5.6 
9.5.7 
9.5.8 

No Action.. ....................................................................................................... 
Institutional Controls ....................................................................................... 
Consolidation, Containment, and Institutional Controls.. ................................ 
In Situ Treatment ............................................................................................. 
Removal ........................................................................................................... 
Ex Situ Treatment ............................................................................................ 
Disposal.. .......................................................................................................... 
summary .......................................................................................................... 

9-19 
9-19 
9-19 
9-25 
9-29 
9-30 
9-34 
9-36 

9.6 References ..................................................................................................................... 9-37 

10. DEVELOPMENT OF ALTERNATIVES.. ............................................................................. 10-I 

10.1 Response Actions for Contaminated Soils.. .................................................................. 10-l 

10.1.1 Alternative 1: No Action.. ............................................................................... 10-l 
10.1.2 Alternative 2: Limited Action ......................................................................... 10-l 
10.1.3 Alternative 3: Excavation, Consolidation, and Containment within WAG 5. 10-l 
10.1.4 Alternative 4: Removal and Disposal ............................................................. 10-6 
10.1.5 Alternative 5: Removal, Ex Situ Sorting, and Disposal.. ................................ 10-6 

10.2 Response Actions for the ARA-02 Sanitary Waste System .......................................... 10-7 

10.2.1 Alternative 1: No Action.. ............................................................................... 10-7 
10.2.2 Alternative 2: Limited Action.. ....................................................................... 10-7 
10.2.3 Alternative 3: Removal, Ex Situ Treatment, and Disposal ............................. 10-7 
10.2.4 Alternative 4: In Situ Stabilization and Encapsulation.. ................................. 10-l 1 

10.3 Response Actions for the ARA-16 Radionuclide Tank.. .............................................. lo-12 

10.3.1 Alternative 1: No Action.. ............................................................................... lo-12 
10.3.2 Alternative 2: Limited Action ......................................................................... lo-12 
10.3.3 Alternative 3: In Situ Vitrification.. ................................................................ lo-12 

xi 



10.3.4 Alternative 4: Removal, Ex Situ Thermal Treatment, and Disposal . . . ..__.__..__ lo-16 
10.3.5 Alternative 5: Removal, Ex Situ Stabilization, and Off-Site Disposal ..__..__ IO-16 

10.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . lo- 17 

1 1. SCREENING OF ALTERNATIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ._., ,..,.., 11-l 

1 1.1 Remedial Alternatives for Contaminated Soils . . . . . . . . ..__._............................................... 11-I 

11.1.1 Alternative 1: No Action ................................................................................. 
1 1.1.2 Alternative 2: Limited Action.. ....................................................................... 
11.1.3 Alternatives 3a and 3b: Excavation, Consolidation, and Containment 

within WAG 5.. ................................................................................................ 
11.1.4 Alternatives 4a and 4b: Removal and Disposal .............................................. 
11.1.5 Alternatives 5a and 5b: Removal, Ex Situ Sorting, and Disposal.. ................. 

11.2 Remedial Alternatives for the ARA-02 Sanitary Waste System .................................. 

1 

I’ 

11-I 
11-2 

11-5 
11-9 
1-12 

1-13 

11.2.1 Alternative 1: No Action.. ............................................................................... 11-13 
11.2.2 Alternative 2: Limited Action.. ....................................................................... 1 l-14 
11.2.3 Alternative 3: Removal, Ex Situ Thermal Treatment, and Disposal .............. 1 l-15 
11.2.4 Alternative 4: In Situ Stabilization and Encapsulation.. ................................. 1 l-17 

11.3 Remedial Alternatives for the ARA-16 Radionuclide Tank.. .......................... 

11.3.1 Alternative 1: No Action.. ............................................................................... 
11.3.2 Alternative 2: Limited Action.. ....................................................................... 
11.3.3 Alternatives 3a, 3b1, and 3b2: In Situ Vitrification of the ARA-16 Tank ...... 

1 l-17 

l-17 
1-18 
l-21 

11.3.4 Alternatives 4: Removal, Ex Situ Thermal Treatment, and Disposal.. ........... 11-24 
11.3.5 Alternative 5: Removal, Ex Situ Stabilization, and Disposal.. ....................... 1 l-25 

1 1.4 Screening of Alternatives Summary ............................................................................. 1 l-26 

1 1.4.1 Contaminated Soils .......................................................................................... 1 l-26 
11.4.2 ARA-02 Sanitary Waste System.. .................................................................... 1 l-27 
11.4.3 ARA-16 Radionuclide Tank ............................................................................ 1 l-27 

11.5 References ..................................................................................................................... 1 I-28 

12. DETAILED ANALYSIS OF ALTERNATIVES.. .................................................................. 12-l 

12.1 Introduction.. ................................................................................................................. 12-l 

12.1.1 Overall Protection of Human Health and the Environment.. ........................... 12-l 
12.1.2 Compliance with ARARs.. ............................................................................... 12-2 
12.1.3 Long-Term Effectiveness and Permanence ..................................................... 12-2 
12.1.4 Reduction of Toxicity, Mobility, or Volume Through Treatment.. ................. 12-2 
12.1.5 Short-Term Effectiveness ................................................................................ 12-2 
12.1.6 Implementability .............................................................................................. 12-4 
12.1.7 Cost .................................................................................................................. 12-4 

xii 



12.1.8 State Acceptance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
12.1.9 Community Acceptance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12.2 Individual Analysis of Alternatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12.2.1 Contaminated Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
12.2.2 ARA-02 Sanitary Waste System . . . . . . . . . .._._.............................................,..,,..,,.. 
12.2.3 ARA-16 Radionuclide Tank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12.3 Comparative Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12.3.1 Overall Protection of Human Health and the Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
12.3.2 Compliance with ARARs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
12.3.3 Long-Term Effectiveness and Permanence .,..,...__.._,..,..,..,...,..,......,..,,..,...,..... 
12.3.4 Reduction of Toxicity, Mobility, or Volume Through Treatment __...,,..,...,.._., 
12.3.5 Short-Term Effectiveness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..__.___. 
12.3.6 Implementability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
12.3.7 Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12.4 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Appendix A-Data for Risk Assessment 

Appendix B-Human Health Risk Assessment Tables and Spreadsheets 

Appendix C-Facilities Assessment Analysis 

Appendix D-GWSCREEN Output Files 

Appendix E&-Analytical Results and Data Quality for Samples Collected Under the WAG 5 
Comprehensive RI/FS Work Plan 

Appendix F-WAG 5 Fauna and Functional Groups 

Appendix G-Ecological Evaluation Toxicity Reference Values 

Appendix H-Development of Plant Uptake and Bioaccumulation Factors 

Appendix I-Ecological Screening and Dose Calculations 

Appendix J-Engineering Design Files and Other Supporting Documents 

Appendix K-Cost Worksheets for the Feasibility Study 

Appendix &Evaluation of Site ARA-25 

12-4 
12-5 

12-5 

12-5 
12-14 
12-20 

12-28 

12-44 
12-44 
12-45 
12-45 
12-45 
12-46 
12-46 

1247 

Xl,, 



l-1. 

2-l. 

2-2. 

2-3. 

2-4. 

2-5. 

2-6. 

2-7. 

2-8. 

2-9. 

FIGURES 

The Idaho National Engineering and Environmental Laboratory showing the locations 
of the Auxiliary Reactor Area and the Power Burst Facility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Counties adjacent to the INEEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Mountain ranges and streams draining intermountain valleys near the INEEL 
(Bennett 1990) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Land ownership distribution in the vicinity of the INEEL (DOE-ID 1996) . . . . . . . . . . . ..___....... 

Location of the INEEL in southeastern Idaho, topographic features, and INEEL 
facthttes __.._,..,...............................................................,..,....,........................,..,..,...,,..,........... 

The physical configuration of the Auxiliary Reactor Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

The physical configuration of the Power Burst Facility _._.,_...,...............................,...,..,...,...,. 

Lithology in Auxiliary Reactor Area aquifer monitoring wells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Lithology in Power Burst Facility area aquifer monitoring wells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Well locations in the WAG 5 area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2-10. General geologic, volcanologic, and tectonic features of the Eastern Snake River Plain ....... 

2-l 1. Surface water features of the INEEL.. ..................................................................................... 

2-12. Well locations and groundwater gradient in the WAG 5 area ................................................ 

3-l. Site and contaminant screening for the WAG 5 comprehensive RI/F,8 .................................. 

4-1. WAG 5 site groups at the Auxiliary Reactor Area.. ................................................................ 

4-2. WAG 5 site groups at the Power Burst Facility.. .................................................................... 

4-3. Site Group 1 (ARA-I and ARAB). ......................................................................................... 

4-4. Site Group 2 (ARA-III) ............................................................................................................ 

4-5. Site Group 3 (PBF Reactor Area [SPERT-I]) ......................................................................... 

4-6. Site Group 4 (PBF WEDF [SPERT-II]) .................................................................................. 

4-7. Site Group 5 (PBF WERF [SPERT-III]) ................................................................................. 

4-8. Group 6 (PBF MWSF [SPERT-Iv]) ....................................................................................... 

l-2 

2-2 

2-4 

2-5 

2-6 

2-7 

2-8 

2-13 

2-14 

2-15 

2-16 

2-18 

2-2 1 

3-45 

4-3 

4-4 

4-5 

4-6 

4-7 

4-8 

4-9 

4-10 

xiv 



4-9. ARA-I evaporation pond, Site AIM-01 . . . . . .._..._..............,..,.....,.,,.,,..,..,..,......,..,..,...,,......,,..,,. 4-12 

4-10. ARA-I Chemical Evaporation Pond, Site ARA-01, source term concentrations and 
assumptions for risk assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-14 

4-l 1. ARA-I sanitary waste leach field and seepage pit, Site ARA-02 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-15 

4-12. ARA-02 ARA-I Sanitary Waste System seepage pit source term concentrations and 
assumptions for risk assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-17 

4-13. ARA-02 ARA-I Sanitary Waste System septic tank soils source term concentrations and 
assumptions for risk assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-19 

4-14. ARA-I pad near ARA-627, Site ARA-03 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-20 

4-15. ARA-03 ARA-I lead sheeting pad source term concentrations and assumptions for risk 
assessment ..___.....................................................................................................,..,,..,,..,,........ 4-2 1 

4-16. ARA-I radionuclide tank, Site ARA-16 .__._.__,_.,.._.,..,..,.,..,....................,..,...,..,..,..,,..........,...,. 4-22 

4-17. ARA-16 ARA-I radionuclide tank soils source term concentrations and assumptions for 
risk assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-24 

4-18. ARA-I and ARA-II contaminated soils and subsurface structures, Site ARA-23 . . .._.__..___.._ 4-25 

4-19. ARA-23 ARA-I and ARA-II radiologically contaminated soils source term concentrations 
and assumptions for risk assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-27 

4-20. ARA-23 in situ gamma survey and estimated Cs-137 concentrations in the top 1 in. 
of soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..~........................................... 4-28 

4-21. ARA-I soils beneath the ARA-626 Hot Cells, Site ARA-25 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-29 

4-22. ARA-25 ARA-I soils beneath the ARA-626 hot cells source term concentrations and 
assumptions for risk assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-30 

4-23. ARA-III radioactive waste leach pond, Site ARA-12 . . .._.....................................................,,. 4-32 

4-24. ARA-12 ARA-III radioactive waste leach pond source term concentrations and 
assumptions for risk assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-34 

4-25. ARA-III contaminated soils area, Site ARA-24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-35 

4-26. ARA-24 ARA-III windblown soil source term concentrations and assumptions for risk 
assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 4-36 

4-27. ARA-III in situ gamma survey and estimated Cs-137 concentrations in the top 1 in. 
of soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... 4-31 

4-28. PBF Reactor Area warm waste injection well, Site PBF-05 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-39 



4-29. PBF-05 PBF Reactor Area warm waste injection well simulated source term and 
assumptions for risk assessment.. ............................................................................................ 4-40 

4-30. PBF Reactor Area evaporation pond, Site PBF-10 ................................................................. 4-4 1 

4-3 1. PBF-10 PBF Reactor Area evaporation pond source term concentrations and 
assumptions for risk assessment.. ............................................................................................ 4-42 

4-32. PBF SPERT-I leach pond, Site PBF-12.. ................................................................................. 4-24 

4-33. PBF-12 SPERT-I leach pond source term concentrations and assumptions for risk 
assessment ............................................................................................................................... 4-45 

4-34. PBF SPERT-II leach pond, Site PBF-16 ................................................................................. 4-46 

4-35. PBF-16 SPERT-II leach pond source term concentrations and assumptions for risk 
assessment ............................................................................................................................... 4-48 

4-36. PBF WERF SPERT-III large leach pond, Site PBF-21 ........................................................... 4-49 

4-37. PBF-21 SPERT-III large leach pond source term concentrations and assumptions for risk 
assessment ............................................................................................................................... 4-50 

4-38. PBF SPERT-IV leach pond, Site PBF-22.. .............................................................................. 4-52 

4-39. PBF-22 SPERT-IV leach pond source term concentrations and assumptions for risk 
assessment ............................................................................................................................... 4-53 

4-40. PBF SPERT-IV Lake, Site PBF-26 ......................................................................................... 4-54 

4-41. PBF-26 SPERT-IV Lake source term concentrations and assumptions for risk 
assessment ............................................................................................................................... 4-56 

4-42. Mean and maximum dissolved lead concentrations in groundwater at WAG 5 ..................... 4-70 

5-1. Conceptual model of flow and transport implemented in GWSCREEN (Rood 1994) ........... 5-3 

6-l. Human health conceptual site model for the residential scenario.. ......................................... 6-4 

6-2. Human health conceptual site model for the occupational scenario.. ..................................... 6-5 

6-3. Current occupational scenario risks.. ....................................................................................... 6-41 

6-4. Current occupational scenario hazard quotients.. .................................................................... 6-42 

6-5. Future occupational scenario risks. ......................................................................................... 6-43 

6-6. Future occupational scenario hazard quotients. ...................................................................... 6-44 

6-7. Future residential scenario risks. ............................................................................................. 6-45 

xvi 



6-8. 

7-1. 

7-2. 

7-3. 

l-4. 

7-5. 

7-6. 

8-1. 

8-2. 

8-3. 

8-4. 

8-5. 

8-6. 

8-7. 

9-1. 

9-2. 

9-3. 

Future residential scenario hazard quotients. ......................................................................... 

Four-phased approach to the INEEL ecological risk assessment .......................................... 

Vegetation and soils map of the WAG 5 vicinity.. .................................................................. 

Simplified INEEL food web.. .................................................................................................. 

Model for ecological pathways and exposure for WAG 5 surface contamination ................. 

Model for ecological pathways and exposures for WAG 5 subsurface contamination .......... 

Ecological conceptual site model for WAG 5.. ....................................................................... 

Site ARA-01, ARA-I Chemical Evaporation Pond, information for the feasibility 
study (ecological risk only) ..................................................................................................... 

Site ARA-02, ARA-I Sanitary Waste System Seepage Pit, information for the 
feasibility study (human health risk only). .............................................................................. 

Site ARA-12, ARA-III Radioactive Waste Leach Pond, information for the 
feasibility study (human health and ecological risks) ............................................................. 

Site ARA-16, ARA-I radionuclide tank soil, information for the feasibility study 
(human health risk only). ......................................................................................................... 

Site ARA-23, ARA-I and -II radiologically contaminated soils and subsurface structures, 
information for the feasibility study (human health risk only) ............................................... 

Site ARA-25, ARA-I contaminated soil beneath the ARA-626 hot cells, information for 
the feasibility study (human health and ecological risks). ...................................................... 

Site PBF-16, SPERT-II Leach Pond, information for the feasibility study (ecological risk 
only) ......................................................................................................................................... 

Hypothetical consolidation site in Waste Area Group 5 for contaminated soils ................... 

Conceptual drawing of a capillary barrier/biobarrier cover.. ................................................. 

Conceptual drawing of an SL-1 type engineered barrier.. ....................................................... 

TABLES 

2-1. Population estimates for counties surrounding the INEEL and selected 
communities (1990). ............................................................................................................. 

3-l. Summary of the WAG 5 site investigations by facility.. ...................................................... 

3-2. Summary of site and contaminant screening for the WAG 5 comprehensive RI/FS .............. 

6-46 

7-2 

7-12 

7-17 

7-38 

7-4 1 

7-42 

8-26 

8-27 

8-28 

8-29 

8-30 

8-3 1 

8-32 

9-21 

9-23 

9-24 

2-25 

3-41 

3-49 

xvii 



4-1. 

4-2. 

4-3. 

4-4. 

4-5. 

4-6. 

5-l. 

5-2. 

6-I. 

6-2. 

6-3. 

7-1. 

7-2. 

7-3. 

7-4. 

7-5. 

l-6. 

7-7. 

7-8. 

7-9. 

WAG 5 groundwater sampling results, April 1995 (LMITCO 1997). .................................... 

WAG 5 groundwater sampling results, July 1995 (LMITCO 1997). ...................................... 

WAG 5 groundwater sampling results, August 1997 (LMITCO 1997). ................................. 

Filtered dissolved lead concentrations in groundwater at WAG 5 (LMlTCO 1997) 
with calculated 95% upper confidence level estimates of mean concentrations.. ................... 

U.S. Geological Survey dissolved lead concentrations in groundwater at WAG 5 
(USGS 1998) with calculated 95% upper confidence level estimates of mean 
concentrations.. ..................................................................................................................... 

Total unfiltered lead concentrations in groundwater at WAG 5 with calculated 95% upper 
confidence level estimates of mean concentrattons.. .............................................................. 

Common GWSCREEN parameters ....................................................................................... 

Summary of GWSCREEN simulation results for the WAG 5 surface release sites ............. 

Depths of contamination evaluated for the exposure routes ................................................... 

Summary of uncertainties and conservative assumptions for the WAG 5 BRA .............. 

BRA human health assessment uncertainty factors.. ............................................................... 

Applicable or relevant and appropriate requirements for the WAG 5 ERA ........................... 

WAG 5 ecological site screening ........................................................................................... 

WAG 5 operable units and sites of concern ............................................................................ 

Vegetation cover class summary for WAG 5 area .................................................................. 

Threatened or endangered species, sensitive species, and species of concern that may be 
found on the INEEL.. ............................................................................................................... 

Habitat rating conventions for WAG 5 sites of concern ......................................................... 

Threatened and endangered species results.. ........................................................................... 

Screening of radionuclide contaminants ................................................................................. 

Screening of nonradionuclide organic contaminants ............................................................... 

4-57 

4-60 

4-63 

4-69 

4-l 1 

4-12 

5-7 

5-9 

6-9 

6-50 

6-59 

7-4 

7-6 

7-11 

7-14 

7-18 

7-21 

7-22 

7-26 

7-28 

7-10. Screening of nonradionuclide inorganic contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-33 

7-l 1. Summary of WAG 5 exposure media and ingestion routes for INEEL functional groups _..__ 7-39 

7-12. Summary of assessment endpoints for WAG 5 ERA (Suter 1~993) 7-43 

XVII, 



7-13. Summary of WAG 5 ERA endpoints ...................................................................................... 

7-14. WAG 5 species parameters .................................................................................................... 

7-15. Plant uptake factors and bioaccumulation factors for WAG 5 nonradionuclide 
contaminants (unitless). ........................................................................................................ 

7-16. Adjustment factor values and criteria for their use in developing toxicity reference 
values for the INEEL.. ............................................................................................................. 

7-17. Extrapolations required for developing TRVs ........................................................................ 

7-18. Results of hazard quotient calculations for the WAG 5 ecological risk assessment ............... 

7-19. Summary of WAG 5 ERA results ........................................................................................... 

7-20. Source and effects of uncertainties in the ecological risk assessment .................................... 

7-21. Comparison of waste area group ecological risk assessment comuonents for ohases 

l-45 

7-48 

7-52 

7-58 

7-75 

7-77 

7-82 

7-97 

8-1. 

8-2. 

8-3. 

8-4. 

8-5. 

8-6. 

a-7. 

8-8. 

8-9. 

9-l. 

9-2. 

9-3. 

of the INEEL-wide ecological risk assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Summary of individual site risks and hazard quotients for the current occupational 
scenarro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ 

Summary of individual site risks and hazard quotients for the future occupational 
scenarro __._..__.__,__,_..._...........................................................................................,...,...,..,,..,,..,. 

Summary of individual site risks and hazard quotients for the future residential scenario ..,, 

Summary of site group risks and hazard quotients for the current occupational 
scenano . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .......... 

Summary of site group risks and hazard quotients for the future occupational scenario........ 

Summary of site group risks and hazard quotients for the future residential scenario _.,__,,..., 

Summary of potential unacceptable ecological risks at WAG 5 

Results of WAG 5 ecological contaminant screening against lo-times background 
concentrations and concentrations equivalent to a hazard quotient of 10 . . . . . . . . . . . . . . . . . . . . . 

Individual sites and contaminants recommended for evaluation in the WAG 5 
comprehensive feasibility study . . . . . . . . . . . .._..____.......................................................................... 

Sites retained for the feasibility study based on potential future residential human 
health risks greater than or equal to lE-04 or a hazard index greater than 2 . .._.__..__.__......... 

Sites retained for the feasibility study based on potential ecological risks .___.._.._,...,...,...,,.,,.. 

Summary of sites addressed in the feasibility study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

7-101 

8-2 

8-3 

8-4 

8-16 

8-16 

8-17 

8-21 

8-24 

8-33 

9-2 

9-3 

9-3 

xix 



9-4. Chemical and radiological characteristics of the ARA-02 seepage pit sludge . . . . . . . . . . . ..__.... 9-7 

9-5. Chemical and radiological characteristics of the ARA-16 tank contents ..,..,...,..,..___.,..,,...... 

9-6. Areas, depths, and volumes of contaminated media for WAG 5 sites . . . . . . . . . . . ..__............... 

9-7. Preliminary remediation goals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

9-8. Screening of remedial technologies .,_.,_,.............................,..,.,,.,,..,...............,..,..,.......,..,,..,,.. 

9-9. Potential groundwater concentrations and groundwater ingestion risks associated with the 
hypothetical consolidation of contaminated soils with no cover within WAG 5 .,._....,,..,,..,,.. 

10-l. Remedial alternatives for contaminated soil sites. . . . . . . . . . . . . . . . .._............................................,... 

10-2. Remedial alternatives for the ARA-02 seepage pit sludge and the structural components of 
the ARA-I Sanitary Waste System. . . . . . . . .._.__._.....................................................,..,,..,,..,...,..,,. 

10-3. Remedial alternatives for the ARA-16 radionuclide tank and the structural components of 
the tank system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 l-l. Net present value of capital, operating and maintenance, and total costs for remedial 
altematlves at WAG 5 contammated sod sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

11-2. Net present value of capital, operating and maintenance, and total cost of remedial 
alternatives for the ARA-02 sanitary waste system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 l-3. Net present value of capital, operating and maintenance, and total cost of remedial 
alternatives for the ARA-16 radionuclide tank. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12-1. Applicable or relevant and appropriate requirements that will be reconsidered if 
additional sampling during remediation indicates that RCRA applies to any of the 
contaminated soil sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12-2. Evaluation of compliance with ARARs and TBCs for contaminated soil sites, 
Alternative 1: No Action. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12-3. Evaluation of compliance with ARARs and TBCs for contaminated soil sites, 
Alternative 3b: Excavation, Consolidation, and Containment with an Engineered Barrier... 

12-4. Evaluation of compliance with ARARs and TBCs for contaminated soil sites: 
Alternative 4a, removal and disposal on the WEEL, and Alternative 4b, removal and 
disposal off the INEEL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

12-5. Evaluation of compliance with ARARs and TBCs for contaminated soil sites: 
Alternative 5a: Removal, Ex Situ Treatment, and Disposal on the INJZEL; and 
Alternative 5b: Removal, Ex Situ Treatment, and Disposal off the INEEL. 

12-6. Evaluation of compliance with ARARs and TBCs for ARA-02, Alternative 1: 
No Action. ._.......__.._._....................................................................................................... 

9-9 

9-11 

9-13 

9-16 

9-22 

10-3 

10-9 

10-13 

11-3 

11-16 

11-19 

12-3 

12-6 

12-7 

12-l 1 

12-14 

12-16 

xx 



12-7. Evaluation of ARARs and TBCs-for ARA-02 Alternative 3: Removal, Ex Situ 
Thermal Treatment, and Disposal. ......................................................................................... 

12-8. Evaluation of ARARs and TBCs -for ARA-02 Alternative 4: In Situ Stabilization and 
Encapsulation. .................................................................................................................. 

12-9. Evaluation of compliance with ARARs and TBCs for ARA-16, Alternative 1: 
No Action. .............................................................................................................................. 

12-10. Evaluation of compliance with ARARs and TBCs for ARA-16 In Situ Vitrification 
Alternatives 3a, 3b1, and 3b2.. ............................................................................................... 

12-11. Evaluation of ARARs and TBCs for ARA-16 Alternative 4: Removal, Ex Situ Thermal 
Treatment, and Disposal.. ....................................................................................................... 

12-12. Comparison of alternatives for contaminated soils with remedial action objectives ............. 

12-13. Comparison of alternatives for the ARA-02 sanitary waste system with remedial action 
objectives.. .............................................................................................................................. 

12-14. Comparison of alternatives for the ARA-16 radionuclide tank with remedial action 
objectives. ............................................................................................................................. 

12-15. Detailed analysis summary for WAG 5 contaminated soil sites. ........................................... 

12-16. Detailed analysis summary for the ARA-02 Sanitary Waste System.. ................................ 

12-17. Detailed analysis summary for the ARA-16 Radionuclide Tank.. ...................................... 

12-18. Comparative ranking of remedial alternatives relative to the CERCLA evaluation criteria. 

12-17 

12-19 

12-20 

12-23 

12-27 

12-29 

12-30 

12-31 

12-32 

12-36 

12-39 

12-43 

xxi 



Xxii 



ABS 

AF 

ALARA 

AMWTF 

ANL-W 

ARA 

ARAR 

ATSDR 

BAF 

BLM 

BRA 

BTEX 

c2 

CDC 

CERCLA 

CF 

CFA 

CFR 

CLP 

cot 

COCA 

COPC 

cpm 

CPS 

ACRONYMS AND ABBREVIATIONS 

absorbed through skin (dermal absorption factor) 

adjustment factor 

as low as reasonably achievable 

Advanced Mixed Waste Treatment Facility 

Argonne National Laboratory-West 

Auxiliary Reactor Area 

applicable or relevant and appropriate requirements 

Agency for Toxic Substance Disease Registry 

bioaccumulation factor 

Bureau of Land Management 

baseline risk assessment 

benzene, toluene, ethylbenzene, and xylene 

Category 2 

Conservation Data Center 

Comprehensive Environmental Response, Compensation, and Liability Act 

concentration factor 

Central Facilities Area 

Code of Federal Regulations 

Contract Laboratory Program 

contaminant of concern 

Consent Order and Compliance Agreement 

contaminant of potential concern 

counts per minute 

counts per second 



CRDL 

CRQL 

CSM 

cv 

D&D 

DEW 

DEP 

DOE 

DOE-ID 

DQO 

EBSL 

ED 

EDTA 

EPA 

ERA 

ERIS 

ESRF 

FFAICO 

FS 

FSP 

GCRE 

GI 

GIS 

GPRS 

GPS 

contract-required detection limit 

contract required quantitation limit 

conceptual site model 

contaminant in vegetation 

decontamination and dismantlement 

di-2-ethylhexyl-phthalate 

diethylphthalate 

U.S. Department of Energy 

U.S. Department of Energy, Idaho Operations 

data quality objective 

ecologically based screening level 

exposure duration 

ethylenediaminetetraetic acid 

U.S. Environmental Protection Agency 

ecological risk assessment 

Environmental Restoration Information System 

Eastern Snake River Plain 

Federal Facilities Agreement and Consent Order 

feasibility study 

field sampling plan 

Gas Cooled Reactor Experiment 

gastrointestinal 

Geographic Information System 

global positioning radiometric scanner 

global positioning system 



GRA 

ha 

HEAST 

HEPA 

HI 

HQ 

ICP 

ICDF 

ICRP 

IDAPA 

IDEMS 

IDFG 

IDHW 

INEEL 

INEL 

INPS 

INTEC 

IR 

IRIS 

ISV 

Kd 

L 

Kxv 

Kpw 

keV 

general response action 

hectare 

Health Effects Assessment Summary Tables 

high-efficiency particulate air (filter) 

hazard index 

hazard quotient 

inductively coupled plasa 

INEEL CERCLA Disposal Facility 

International Committee on Radiological Protection 

Idaho Administrative Procedures Act 

Integrated Data Environmental Management System 

Idaho Department of Fish and Game 

Idaho Department of Health and Welfare 

Idaho National Engineering and Environmental Laboratory 

Idaho National Engineering Laboratory 

Idaho Native Plant Society 

Idaho Nuclear Technology and Engineering Center 
(formerly the Idaho Chemical Processing Plant) 

ingestion rate 

EPA Integrated Risk Information System 

in situ vitrification 

soil-to-water partition coefficient 

organic carbon partition coefficient 

octanol-water partition coefficient 

permeability coefficient of water through skin 

kiloelectron volt 



LD 

LDR 

LITCO 

LMITCO 

LOAEL 

MCL 

MCP 

MDL 

MDL 

MeV 

ML 

MWSF 

NCP 

NEPA 

NESHAP 

NOAA 

NOAEL 

NPL 

NRF 

NRTS 

NTS 

MORE 

ou 

PAH 

Parsons 

lethal dose 

land disposal restriction 

Lockheed Idaho Technologies Company 

Lockheed Martin Idaho Technologies Company 

lowest observed adverse effect level 

maximum contaminant level 

management control procedure 

method detection limit 

minimum detection limit 

megaelectron volt 

Mobile Low Power Reactor 

Mixed Waste Storage Facility 

National Oil and Hazardous Substances Pollution Contingency Plan 

National Environmental Policy Act 

National Emission Standards for Hazardous Air Pollutants 

National Oceanic and Atmospheric Administration 

no observed adverse effect level 

National Priorities List 

Naval Reactors Facility 

National Reactor Testing Station 

Nevada Test Site 

Organic-Moderated Reactor Experiement 

operable unit 

polynuclear aromatic hydrocarbon 

Parsons Environmental Technologies Group, Inc. 

xxvi 



PBF 

PCB 

pCi 

wb 

PRG 

PDF 

QAPjP 

QNQC 

QC 

QCE 

RAGS 

RAO 

RBC 

RCRA 

RDIRA 

redox 

RESL 

RfD 

RI 

RI/BRA 

RI/FLY 

ROD 

RPD 

RWMC 

SDA 

Power Burst Facility 

polychlorinated biphenyl 

picocurie 

parts per billion 

preliminary remediation goal 

plant uptake factor 

quality assurance project plan 

quality assurancelquality control 

quality control 

quantified critical exposure 

Risk Assessment Guidance for Superfund 

remedial action objective 

risk-based concentration 

Resource Conservation and Recovery Act 

remedial design/remedial action 

oxidation-reduction 

Radiological and Environmental Sciences Laboratory 

reference dose 

remedial investigation 

remedial investigation/baseline risk assessment 

remedial investigation/feasibility study 

record of decision 

relative percent difference 

Radioactive Waste Management Complex 

Subsurface Disposal Area 

xxvii 



SDGA 

SF 

SL-1 

SLERA 

SLQ 

SPERT 

SRPA 

SUF 

svoc 

TAN 

TCLP 

T/E 

TPH 

TRA 

TRV 

TSCA 

UCL 

USFS 

USFWS 

USGS 

site data gap analysis 

slope factor 

Stationary Low-Power Reactor No. 1 

screening-level ecological risk assessment 

screening level quotient 

Special Power Excursion Reactor Test 

Snake River Plain Aquifer 

site use factor 

semivolatile organic compound 

Test Area North 

toxicity characteristic leaching procedure 

threatened or endangered 

total petroleum hydrocarbons 

Test Reactor Area 

toxicity reference value 

Toxic Substance Control Act 

upper confidence level 

U.S. Forest Service 

U. S. Fish and Wildlife Service 

U.S. Geological Survey 

UTL upper tolerance limit 

voc volatile organic compound 

WAG waste area group 

WCS Waste Control Specialists LLC 

WEDF Waste Engineering Development Facility 

XXV,,, 



WERA waste area group ecological risk assessment 

WERF Waste Experimental Reduction Facility 

WWF Warm Waste Pond 



xxx 


